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Abstract. This study has been undertaken primarily to assess environmental impact of distilleries on soil quality. 
Research work is an experimental comparative study. Three locations were selected in Sindh Province of Pakistan 
among two were considered polluted and one was unpolluted or controlled site and controlled sample was taken from 
Sujawal City. Soil samples were taken as vertically and horizontally from and around distilleries. Spent wash samples 
were taken from the first two locations. Analytical assessment shown soil samples exceeded the limits those of the 
control soil samples, like pH of Mirpurkhas location surface soil 6.2 to 8.1, EC 308 µS/cm to 4.50 mS/cm, salinity 
0.5%o to 2.4%o, T.N 24.8mg/l to 47.9mg/l, T.K 249.7mg/l to 291.5mg/l, T.P 0.29mg/l to 4.18mg/l, T.H 529mg/l to 
1120mg/l, T.C 305mg/l to 690mg/l, S 71 mg/l to 101mg/l  and Cl 27mg/l  to 34.9mg/l and vertical soil of Mirpurkhas  
having pH 7.6 to 8.03, EC 221µS/cm to 725µS/cm, salinity 0.1%o to 0.4%o, T.N 32.7 mg/l to 49.8mg/l, T.P 0.26mg/l 
to 1.29mg/l, T.K 217.6 mg/l to 298.6mg/l, T.H 450mg/l to 1030mg/l, T.C 217mg/l to 630mg/l, S 65mg/l to 118mg/l  
and Cl 23.4mg/l  to 39.3 mg/l, and deep soil  having pH 7.9 to 8.30, EC 240µS/cm to 713µS/cm, salinity 0.2%o to 
0.4%o, T.N 32.6 mg/l to 51.8mg/l, T.P 1.22 mg/l to 1.98 mg/l, T.K 264.2mg/l to 293.7mg/l, T.H 400 mg/l to 890mg/l, 
T.C 270mg/l to 450mg/l, S 67mg/l to 113mg/l  and Cl 21mg/l to 35.2mg/l). Similarly, spent wash samples also 
exceeding the National Environmental Quality Standards limits.  
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Introduction 
 Effluent draining from the distillery industries 
during the production of ethanol is considered as a 
major source of the environmental pollution. Distillery 
spent wash is considered as one of the big issues of 
pollution.  This is because this effluent has extremely 
high values of chemical oxygen demand (COD), 
biological oxygen demand (BOD), inorganic solids, 
and low pH (Shin et al., 1992) and (Saha et al., 2005). 
Basically, distillery spent wash industries are the agro-
based industries and their waste effluent having high 
organic and inorganic compounds which are high 
strength based and difficult to disposed (Thakkar, 
2013).  
 A typical cane molasses based distillery generates 
15 liters of spent wash per liter of ethanol produced 
(Rajor, A. Kalia, et al., 2003). This dark brown spent 
wash is being over loaded with high organic nitrogen – 
nutrients, high organic and inorganic salts as a result 
having high electrical conductivity (EC) causes 
depletion of oxygen and produces bad smell (Chuhan, 
1991) and (Haroon et al., 2004). 
 Generally distillery spent wash  is made to flow 
into water courses and other water bodies either after 
the incomplete treatment or without treatment, while 
some of the industries release their effluents on open 
land. Sometimes effluents are used for irrigation 
purpose which poses a serious threat to the soil and 
water environment, as stated by (Ansari, 2012). 
 Removal of distillery effluent on land is similarly 
harmful for the vegetative cover. It is described to 
reduce soil alkalinity and manganese availability, thus 
hindering seed germination defined by (Kumar et al., 
1997a, b). 
 Improper use of distillery effluent on soil without 
any suitable monitoring and checking, harmfully 
impacts the groundwater quality changing its physico-
chemical properties such as color, pH, electric 
conductivity (EC), through of leaching down of its 
organic and inorganic ions (Jain et al., 2005). 
 Due to high amount of salts in spent wash, soil can 
become sodic, saline, contaminated with a wide range 
of chemicals. Spent wash has high sodium content and 
when it is allowed to flow on land it causes negative 
impacts on soil properties (Christophe et al., 2001). 
Drainage of spent wash into closed water bodies or in 
any field will result into environmental, water and soil 
pollution causing hazard to all living organisms like 
plants and animals (Ramadurai et al., 1994).This waste 
effluent may infiltrate into the sub-soil and put bad 
impacts on the ground water (Akif et al., 2002). The 
discarding of huge quantities of biodegradable waste 
without systematic management, results in significant 
environmental pollution (Jain et al., 2001) and (Pant et 
al., 2007). 
Location of the study area 
The samples were collected from three different 
locations of the study area. First location for collection 
of soil and spent wash samples was District Mirpur 
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collection of control samples of soil was the Sujawal 





Aims and objectives of the present study 
The major aim of this research is to study the 
hazardous, or otherwise, environmental impacts of 
spent-wash effluents drained from the distillery 
industry located in the project area. The purpose was to 
assess the damage being done to the environment, 
particularly the soil of the agricultural land of the study 
area.  
Materials and Methods 
In District Mirpurkhas, soil samples were collected 
from five different points near distillery industry, 
whereas those of spent wash were collected along the 
sewage line of the distillery. Three soil samples were 
taken from each sample point (surface soil, sub soil 
and deep soil) which are designated as (SSM-1 to 
SSM-15)
*
. Two spent wash samples were collected 
from this distillery industry. One was taken from outlet 
of distillery at a distance of 1000 meters (SWM-1)
*
. 
Other was taken from the sewage line of distillery unit 
at a distance of 4-5 Km (SWM-2). Another spent wash 
sample is diluted, ratio 1:10 denoted as (SWM-3). This 
sample was diluted according to distillery. Each 
sample size was based on the size and production of 
industry. 
 Other soil samples were collected from the 
locations in District Thatta. Soil samples were 
collected from three different points in this District. 
Three soil samples were taken vertically from each 
points (surface soil, sub soil and deep soil), designated 
as (SST-1 to SST-9)
*
. Spent wash sample was taken 
from the outlet source of the distillery industry at the 
distance of 1000 meters (SWT-1)
*
. 
 Control soil sampling was taken from locations in 
Sujawal city. There is no distillery unit at this location. 
Soil samples were taken from the crop field at one 
sample point. But at this point samples were taken 





Table 1. Showing descriptions of sampling points. 
Sr. No Samples Reference Number Sample Point Distance from distillery/Location 
1 Spent wash SWM-1 Outlet of Distillery Industry 
1000 meters away from distillery 
(Mirpurkhas) 
2 
Spent wash + 
Wastewater 
SWM-2 Sewerage line of Distillery Industry 
5-6 Km away from Distillery sewerage line 
(Sim Nala MirpurKhas) 
3 Spent wash SWM-3 
Outlet of Distillery Industry 
(Diluted 1:10) 
2-3 Km 
4 Soil Sample SSM- 1 to 3 Surface Soil + Sub Soil + Deep Soil 800 meters (Mirpurkhas) 
5 Soil Sample SSM- 4 to 6 Surface Soil + Sub Soil + Deep Soil 1200 meters (Mirpurkhas) 
6 Soil Sample SSM - 7 to 9 Surface Soil + Sub Soil + Deep Soil 2 Km cotton field soil (Mirpurkhas) 
7 Soil Sample SSM – 10 to 12 Surface Soil + Sub Soil + Deep Soil 4 Km crop field soil (Mirpurkhas) 
8 Soil Sample SSM- 13 to 15 Surface Soil + Sub Soil + Deep Soil 
5 Km rice crop field, near distillery 
sewerage line (Sim Nala Mirpurkhas) 
9 Spent wash SWT-1 Outlet of Distillery  Industry 1000 meters (Thatta) 
10 Soil Sample SST - 1 to 3 Surface Soil + Sub Soil + Deep Soil 800 metres (Thatta) 
11 Soil Sample SST - 4 to 6 Surface Soil + Sub Soil + Deep Soil 1200 meters (Thatta) 
12 Soil Sample SST – 7 to 9 Surface Soil + Sub Soil + Deep Soil 4 Km (Thatta) 
13 Soil Sample SSS – 1 to 3 
Surface Soil + Sub Soil + Deep Soil 
(Control Samples) 
20 Km crop field soil (Sujawal) 
 
*SWM=Spent wash Mirpurkhas, SSM=Soil sample Mirpurkhas, SWT=Spent wash Thatta, SST=Soil sample Thatta, SSS=Soil sample Sujawal. 
Note: Method and procedure adopted for manual sampling was in accordance to the APHA, (2005). 
 
In this research study, two types of samples were 
collected, i.e., soil samples and spent wash samples.  
Soil samples were collected from a total of 09 sample 
points. At each location, 3 samples were collected 
from different depths vertically below the surface 
within the soil profile. These were depth-wise 
designated as surface soil samples, sub-soil samples, 
and deep soil samples, making the total number of 
samples 27. The locations for collection of soil  
 
samples were selected in the fields lying along the 
distillery industries sewage lines.  A total of 4 samples 
of spent wash were taken from the outlet points located 
at variable distances from the distilleries. 02 spent 
wash samples were collected at different distances 
from the factory outlet of first location; 01 spent wash 
sample was taken from the factory outlet of second 
location and 01 sample of spent wash, which was 
diluted (1:10), was taken from first location and this 
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pH EC DO Salinity T.N T.P T.K T.H T.C S Cl 
SSM-1 800 m 6.2 4.50 mS/cm 2.7 % 2.4 % o 40.9 4.18 264.8 529 305 89 33.4 
SSM-4 1200 m 6.8 3.7 mS/cm 3.1 % 2.2 % o 47.9 1.19 261.5 965 440 101 34.9 
SSM-7 2 Km 7.6 414 µS/cm 4.4% 0.9 % o 41.2 0.48 261.9 790 590 40 31 
SSM-10 4 Km 7.9 308 µS/cm 4.2 % 0.5 % o 24.8 0.29 249.7 620 300 91 30 
SSM-13* 5 Km 8.1 1035 µS/cm 5.3 % 1.3 % o 39.8 0.49 291.5 1120 690 71 27 
Control 
Sample**SSS-1 
20-22 Km 7.8 682 µS/cm 8.2 % 0.3 % o 27.5 0.50 247.3 530 230 60 23 
 
*Soil samples along with the Sim Nala(Effluents and waste drain through it) 
** Control samples: Ground water and rain water is used for cultivation. 
EC; Electric conductivity, DO; dissolved Oxygen, T.N; Total Nitrogen, T.P; Total Phosphorus, T.K; Total Potassium, T.H; Total Hardness, T.C; Total Calcium, S; Sulfate, Cl; 
Chloride. 
(Values are in mg/ l unless otherwise stated) 
SSM: Soil sample Mirpurkhas ; SSS: Soil sample Sujwal (Control Sampling Location) 
 







pH EC DO Salinity T.N T.P T.K T.H T.C S Cl 
SSM-2 800 m 7.6 281µS/cm 2.9% 0.2 % o 43.8 0.89 217.6 918 630 118 39.3 
SSM-5 1200 m 7.9 221µS/cm 3.1% 0.1 % o 32.7 1.29 246.2 1030 330 99 29.7 
SSM-8 2 Km 8.03 620 µS/cm 4.3% 0.3 % o 39.4 0.63 256.3 510 217 65 28 
SSM-11 4 Km 7.9 342 µS/cm 0.7% 0.2 % o 41.6 0.26 282.5 450 280 80 23.4 




20-22 Km 7.7 316 µS/cm 7.8% 0.3 % o 28.7 0.53 249 490 220 63 27 
 






pH EC DO Salinity T.N T.P T.K T.H T.C S Cl 
SSM-3 800 m 7.9 289 µS/cm 2.8 % 0.2 % o 34.86 1.22 276.6 890 450 112 35.2 
SSM-6 1200 m 8 240 µS/cm 3.3 % 0.2 % o 51.3 1.45 281.5 414 330 108 23.7 
SSM-9 2 Km 8.30 468 µS/cm 4.6 % 0.3 % o 32.6 1.98 264.2 400 270 82 21 
SSM-12 4 Km 7.9 643 µS/cm 0.5% 0.3 % o 38.4 1.93 293.7 430 290 67 22.1 
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pH EC DO Salinity T.N T.P T.K T.H T.C S Cl 
SST-1 800 m 8.06 
21.02 
mS/cm 









SST-4 1200 m 7.87 
9.94mS/c
m 









SST-7 4 Km 8.25 
8.12 
mS/cm 











20-22 Km 7.8 
682 
µS/cm 
8.2 % 0.3 % o 27.5 0.50 247.3 530 230 60 23 
 






pH EC DO Salinity T.N T.P T.K T.H T.C S Cl 
SST-2 800 m 8.31 
11.08 
mS/cm 








SST-5 1200 m 8.00 
10.30 
mS/cm 








SST-8 4 Km 8.25 
10.93 
mS/cm 











20-22 Km 7.7 
316 
µS/cm 
7.8 % 0.3 % o 28.7 0.53 249 490 220 63 27 
 






pH EC DO Salinity T.N T.P T.K T.H T.C S Cl 
SST-3 800 m 8.56 
8.43  
mS/cm 





SST-6 1200 m 8.39 
3.96 
mS/cm 





SST-9 4 Km 8.55 
4.57 
mS/cm 
0.5 % 4.8 % o 62.7 8.7 261.9 
100 
1:10 






20-22 Km 7.6 
319 
µS/cm 
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pH BOD COD TSS TDS Oil & Grease 
SWM-1 800-1000 m 6.87 11930 mg/l 70540 mg/l 34115 mg/l 25790 mg/l 7910 mg/l 
SWM-2* 5-6 Km 7.27 2980 mg/l 4700 mg/l 549 mg/l 8531 mg/l 332 mg/l 
NEQS 
Limits** 
---------- 6-10 80 mg/l 150 mg/l 150 mg/l 3500 mg/l 10.0 mg/l 
*5-6 Km near Distillery Sewerage Line (Sim Nala MirpurKhas) 
**National Environment Quality Standards, 2000. 
BOD; Bio-chemical oxygen demand, COD; Chemical oxygen demand, TSS; Total suspended solids, TDS; Total dissolved solids. 
SWM: Spent wash sample of Mirpurkhas 
 






pH BOD COD TSS TDS Oil & Grease 
SWM-3 2-3Km 6.52 2180  mg/l 2910 mg/l 236.6  mg/l 1035 mg/l 26.9 mg/l 
NEQS 
Limits 
--------- 6-10 80 mg/l 150 mg/l 150 mg/l 3500 mg/l 10.0 mg/l 
 










5.21 528 mg/l 1380  mg/l 315 mg/l 1492 mg/l 41.65 mg/l 
NEQS 
Limits 
--------- 6-10 80 mg/l 150 mg/l 150 mg/l 3500 mg/l 10.0 mg/l 
SWT: Spent wash sample of Thatta. 
 
Results and Discussion  
It was noticed during sampling and survey stunted 
growth appeared and mostly brownish color appeared 
in plants as well as crops because antagonism 
condition was prevailing in soil. It develops due to 
addition of excess amount of nutrients in soil, through 
which changes occurred in the proportion between 
various nutrients which required for the optimum yield 
and for good quality of soil.  
 Analytical results also showing the environmental 
impacts of spent wash are taking place vertically as 
well as horizontally within in soil profile. Analytical 
results illustrate the impacts of spent wash on soil as 
compared with control samples. In this research study, 
observed that spent wash which was allowed to flow 
also exceeds the permissible limits. As spent wash is 
fully overloaded with the inorganic matters and 
organic matters, so that it impact soil quality but these 
impacts depend upon the magnitude of spent wash, its 
flow amount and continuity flow through the field 
channels without any treatment or pretreatment. There 
is another thing which is also responsible for the 
impacts of spent wash on soil quality that is soil 
properties.  
 According to this research study, it is also 
identified that impacts of spent wash increases 
vertically and horizontally around the distilleries. Due 
to high rate of leaching and seepage of spent wash 
throughout the soil near the distilleries and as a result 
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Conclusion 
 It is concluded that all the analyzed parameters 
have very high values as compared with control 
sample`s parameters. These high values clearly show 
impact of spent wash on soil quality. The soil of study 
area was sandy loam soil; this type of soil has more 
porosity and permeability and having low holding 
capacity but spent wash was viscous and sticky type 
effluent which closes pores and reduce infiltration rate. 
Due to high stickiness make cause to seed germination 
hinder and cut of relation between soil and plant as 
well as ground water which is uptake by plants from 
the soil. But with passage of time and constant flow, 
the effluent percolates downward to the ground water 
due to of its high viscosity and gravity. 
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